Blockers of carbonic anhydrase can cause increase of retinal capillary diameter, decrease of extracellular and increase of intracellular pH in rat retinal organ culture.
At least in normal-pressure glaucoma a vascular genesis with hypoperfusion and regulation impairment is discussed. This may lead to malnutrition of retinal ganglion cells and apoptosis. The retinal microvasculature has a small functional reserve. In addition, the retinal microvessels lack the autonomic nerves that are normally found in other tissues. Thus, no systemic influences reach the retinal capillaries apart from circulating hormones or transmitters. Blockers of carbonic anhydrase (CA) may modulate regional blood flow by mediating changes in extra- and intracellular pH. However, it is still unclear (1) whether blockers of CA really change the pH near the retinal capillaries and (2) how changes in the local pH affect the capillary tone in situ. Therefore, we tested dorzolamide and acetazolamide in our model of the freshly enucleated rat retina. Adult Sprague-Dawley rats (of both sexes, 250-350 g) were killed and retinae were prepared. The retinae were gently separated from the retinal pigmented epithelium and were observed in a chamber for electronic light microscopy or were fixed for immunohistochemistry. Electronic light microscopy of the retinal cells was performed with a Zeiss Axiovert microscope equipped with differential interference contrast (DIC) optics. Changes in capillary diameter were measured using an Openlab acquisition system and analyzed statistically using ANOVA. In addition to light microscopy the intracellular pH was analyzed in the whole mounts by ratio imaging of the pH using the special dye BCECF-AM (2,7 -bis-(2-carboxyethyl)-5-(and -6)-carboxyfluoresceinacetoxymethyl ester) and the extracellular pH using BCECF (2,7 -bis-(2-carboxyethyl)-5-(and -6)-carboxyfluorescein). Pericytes of most segments of retinal capillaries are immunoreactive for alpha-smooth muscle actin (SMA). The SMA immunostaining is strong around the nucleus; the endothelial tube is visible by virtue of the slight immunoreactivity of the surrounding pericyte processes. Acetazolamide and dorzolamide showed statistically significant vasoactive effects in retinal capillaries. Vasodilation increased by up to 105% of that in control capillaries after 5, 10 and 15 min. CA inhibitors were found to be able to induce intracellular alkalization in retinal cells. After addition of dorzolamide or acetazolamide the extracellular pH decreased from 7.4 to 7.2 concomitant with diameter changes. The tube-like pattern of SMA immunoreactivity demonstrates the presence of contractile elements within the pericyte processes of the rat retina. Thus, pericytes may act as a regulation element within the retinal microcirculation. Our results further suggest that CA inhibitors are able to decrease pH in the extracellular space; however, the pH within the cells increases. The increase in capillary diameter is concomitant with these pH changes. Thus, we may conclude that CA inhibitors can relax pericytes and might improve the retinal blood supply.